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Psoriasis is a chronic autoimmune disease that affects 2-3% of the global population
and requires an effective treatment. Frankincense has been long known for its
potent anti-inflammatory activities. In this study, a structural bioinformatics approach
was used to evaluate the efficacy of individual active components of frankincense,
macrocyclic diterpenoid derivatives (1-27), and boswellic acids (28-46) in the treatment
of psoriasis. Initially, major druggable targets of psoriasis were identified. Subsequently,
structure-based screening was employed by using three different docking algorithms and
scoring functions (MOE, AutoDock Vina, and MVD) for the target fishing of compounds
against 18 possible targets of psoriasis. Janus Kinase 1, 2, 3 (JAK 1/2/3), eNOS,
iNOS, interleukin-17 (IL-17), and Tumor necrosis factor-a (TNF-a) were identified as the
preferred molecular targets for these compounds. This computational analysis reflects
that frankincense diterpenoids and triterpenoids can serve as excellent anti-psoriatic
agents by targeting major cytokines (TNF-a, IL-17, IL-13, IL-23, and IL-36y,) exacerbated
in psoriasis, and inflammatory pathways particularly JAK1/2/3, eNOS, iNOS, MAPK2,
and IFNy. The results were compared with the reported experimental findings which
correlates well with our in-silico verdicts.

Keywords: psoriasis, frankincense, diterpenoid, boswellic acids, in silico target fishing, molecular docking

INTRODUCTION

Psoriasis is a chronic and most inexplicable autoimmune skin disease that affect 2-3% of the
population worldwide (Baliwag et al., 2015). It is characterized by increased propagation of the
epidermis that can multiply up to 10 times faster than normal in psoriasis with dilation of dermal
capillaries. As underlying cells reach the skin’s surface and die, their sheer volume creates red
plaques covered with white scales that cause itchy and scaly skin, swelling, pain, and disfiguring
skin lesions (MacDonald and Burden, 2007). Psoriasis can occur at any age and equally in men
and women. The disease is more common in adults than children. The estimates in children vary
between 0.7% (Augustin et al., 2010) in Europe to almost none in Asia (Bo et al., 2008; Chen et al.,
2008). The variation in the prevalence of psoriasis has also been linked to geographical locations,
as it is less common in countries closer to the Equator (Egypt, Sri-Lanka, Taiwan) as opposed
to countries that are further away (Europe, Australia, and North America) (Parisi et al., 2013).
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FIGURE 1 | The graphical presentation of binding potential of all the compounds with the selected targets as a Heat Map. The results of MOE (A), MVD (B), and ADT
Vina (C) are shown. The red to green through black scale was used to demonstrate the binding affinities of compounds toward each target where red color indicates

the least potential, black shows moderate binding and green indicates highest binding potential. The clustering of compounds is shown on Y-axis, while the clustering
of targets is shown in X-axis.

FIGURE 2 | The docked view of the most active compounds 30-32 in the binding site of JAK1 (PDB code: 6N7B). The protein and active site residues are shown in

purple surface and stick models, respectively. The entrance of the active site is highlighted in the box. The inhibitors are presented in a yellow stick model, and the
Hydrogen bonds are displayed in green lines.

known to inhibit the activation of STAT3 by inhibiting the
phosphorylation of JAK2 and Src. For the dephosphorylation of
STAT3, compound 31 induces Src homology region 2 domain-
containing phosphatase 1 (SHP-1) (Kunnumalkkara et al., 2009).
Our docking results are consistent with these experimental

findings. Compound 31 was identified as a good inhibitor of
JAK1/2/3 by all the scoring functions. The binding modes of
selected hits (16, 20, 24, and 36) showed that the methyl acetate
of 16 binds with Arg911 and Cys909, while the -OH group of
20 and the carbonyl group of 24 interacts with the amino group
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Active site of JAK2

FIGURE 3 | The docked view of the predicted most active compounds in the active site of (A) JAK2 and (B) JAK3. The active site residues of JAK2 and JAKS are
presented in the orange and blue stick model, respectively. The ligands (28, 37, and 43 in the active site of JAK2 and 16, 20, and 24 in the active site of JAK3) are

shown in magenta stick model, and the H-bonds are displayed in green lines.
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FIGURE 4 | (A) The 3D-structure of eNOS (PDB code 4D1P) is shown in a complex with heme, a coenzyme and compounds 28-29 (B). The molecular structure of
INOS (PDB code 3E7G) is shown in complex with heme, and compounds 36-37, 40. Heme and co-enzyme moieties are shown in blue and brown stick model,
respectively. The H-bonds are shown in green lines. The ligands are depicted in magenta stick model. The binding residues of each enzyme are highlighted in box.

N
Active site of INOS

of Leu905. The binding mode of 11-a-methoxy-B-boswellic acid
(31) depicted that this compound did not produce significant
binding interactions within the active site of JAK3. The binding
modes of best predicted inhibitors in the active site of JAK2/3 are
shown in Figure 3.

eNOS and iNOS

eNOS and iNOS are involved in immune response, and they
are important enzymes in the pathogenesis of psoriasis (Mittal
et al.,, 2009; Rdcz and Prens, 2009). The post docking analysis
showed that all the compounds bind at the entrance of the active
site of eNOS and iNOS. All the derivatives were ranked as good
inhibitors of eNOS and iNOS by MOE. Similarly, ADT vina
also showed that all the cembrenoids possess greater inhibitory
affinities for eNOS; however, except for 1, 2, 5, 7, 10, 11, and 15,
the rest of the compounds exhibits excellent binding tendency
for iNOS. Despite this, the MolDock score filtered only few
compounds as good binders of eNOS (Table S2) and 50% of the
docked library (2, 3, 8, 12, 13, 18, 21, 26, 29, 31-34, 36-38, and
40-46) for iNOS. Among all, compounds 15-16, 28-29, and 37-
38 as well as compounds 8, 21, 36-37, and 40 were of utmost
importance for eNOS and iNOS, respectively. It is shown that
compound 37 targets both eNOS and iNOS effectively, suggesting
it could be the most important inhibitor of eNOS and iNOS. The
binding modes of the most active compound 28-29 and 36-37
and 40 in the active site of eNOS and iNOS, respectively, are
shown in Figure 4.

IL-17

IL-17 and TNF-a emerged as good targets for most of the
compounds by all the docking methods. An IL-17 dimer binds
with IL-17RA and forms a protein-protein interface, which
is also blocked by recently identified cyclo-/linear- peptide
inhibitors (Blauvelt and Chiricozzi, 2018; Brembilla et al., 2018).
Based on the CA criterion, compounds 16, 18, 28, 29, and
32 were retrieved as the most promising inhibitors for IL-17.
The mode of interactions reveals that 18, 28, 29, and 32 are
well accommodated at the antagonist binding site of IL-2 where
GIn9%4, Glu95, and Leu97 play important roles in the stabilization
of these compounds (supporting information Figure S1).

TNF-o

TNF-a plays a crucial role in the exacerbation of inflammation
in psoriasis. The management of psoriasis is done by inhibiting
the production of TNF-a by several inhibitors like adalimumab,
certolizumab pegol, etanercept, golimumab, and infliximab.
MOE and ADT vina ranked TNF-a as a moderate binder for
all the compounds except compound 26 and 30, respectively.
While MVD predicted that 63% of compounds can exhibit good-
to-moderate inhibition of TNF-a. According to CA, compounds
20, 36, 38, 40, 43, and 45 were regarded as the most effective
binders of TNF-a.. mediated favorable interactions with the Ser60,
Leul20, Gly121, and Tyr151 and displayed excellent to moderate
inhibition of TNF-a in silico. The interactions of ligands with
TNF-a are shown in Figure S2.
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Good Targets for Several Cembrane

Diterpenes and Boswellia Triterpenes
MAPK2, PPAR-y, IL-13, IL-23, IL-36y, and IFNy
Several di- and tri terpene derivatives exhibited excellent binding
affinities for MAPK2, PPAR-v, IL-13, IL-23, IL-36Y, and IFNy in
our molecular docking experiments (Table S2).

MAPK2

In psoriasis, the activation of MAPK2 causes epidermal
hyperproliferation (Johansen et al, 2006). MOE, MVD, and
ADT vina ranked 29/46, 28/46, and 11/46 compounds as
good inhibitors of MAPK2, respectively. Among the docked
compounds, 14-17, 20, 22-24, exhibited excellent binding
affinities within the active site of MAPK2.

PPAR-y

PPAR-y regulates lipid and glucose metabolism. Recently,
the pathophysiological role of PPAR-y was reported in the
inflammatory immune response, and it was identified as a
major drug target for the treatment of psoriasis, benign
epidermal tumors, and atopic dermatitis (Sertznig and Reichrath,
2011). The docked compounds at the active site of PPAR-y
demonstrated that 9-11, 15-16, 18, 20, and 22 hold greater
binding affinities with PPAR-y. Among the selected hits,
compounds 15 and 20 are excellent inhibitors of PPAR-y. Liu
et al. (2013) described that compound 31 down-regulates PPAR-
y2 expression and loss of phenotypic markers of mature human
adipocytes and mobilizes lipolysis. MVD and ADT vina placed
compound 31 in the list of good inhibitors (Liu et al., 2013).

Interleukin-36y

IL-36y binds with its receptor (IL-36RA) to produce immune
response and found to be upregulated in psoriatic and dermatitis
skin (D’erme et al, 2015; Braegelmann et al, 2016). The
diterpenoids and boswellic acid derivatives were docked at the
recently identified antagonist binding site of IL-36y, which is also
a binding site for the IL-36y receptor. According to the docking
scores, MOE, MVD, and ADT vina detected IL-36y as a good
target for 35, eleven, and eight compounds, respectively. The
compounds 7, 13-16, 20, and 22-24 displayed highest potency
against IL-36y. Interestingly, the diterpenoids displayed more
binding potential than triterpenoids for MAPK2, PPAR-y and IL-
36y.

Interleukin-13

IL-13 binds with its receptors IL4R/IL13Ral and IL-13Ra2 to
trigger allergic response. IL-13 and its receptors (IL4R/IL13Ral,
IL-13Ra2) are upregulated in psoriatic skin and lesions (Baliwag
et al.,, 2015). IL-13 in complex with its receptor (IL-13Ra2) was
chosen for docking, and the compounds were directed at thelL-
13Ra2 binding site, where 11/23 (28-31, 35, 37-39, 42-43, and
46) 17/23 (4, 9, 12, 19, 26, 29, 33-34, 37-43, and 45-46), and
22/46 (12, 19, 24, and 28-46) compounds demonstrated good
binding potential by MOE, MVD, and ADT vina, respectively.
Among these molecules, 11-a-ethoxy-p-boswellic acid (37) was
retrieved as the most prominent hit, however compounds 28, 30,
31, 39, 45, and 46 were ranked among the top 10 ligands by MOE
and ADT vina.

Interleukin-23

IL-23 is a heterodimeric cytokine, composed of IL-23p19 (p19
subunit) and IL-12p40 (p40 subunit), which binds with its
receptor (IL-23R), and the IL-12 receptor subunit f1 (IL-12f1)
for the signaling. The compounds were directed at the IL-
23/IL23R binding site. The N-terminal domain of p19 subunit
of IL-23 binds with the N-terminal domain of IL23R where
Arg57, Glu58, Trp156, and Lys164 of IL-23 interacts with Glul11,
Thr112, Asp118, Gly24, Asn27, Asn29, and Leull3 of IL-23R.
After docking, MVD, MOE, and ADT vina chose 36, six, and 27
compounds as good inhibitors of IL-23, respectively. However,
five compounds, i.e., Boscartin F (22), 3-a-acetyl-11-keto-f-
Boswellic acid (31), 3-O-acetyl-9,11-dehydro-p- boswellic acid
(39), 3-epi-B-Boswellic acid (44), and 3-epi-11-keto-B-Boswellic
acid (45) were identified as novel and potent inhibitors of IL-23.

Interferon y

IFNYy is involved in the innate and adaptive immunity against
viral and some bacterial infections. Elevated level of IFNy has
been observed in the serum of psoriatic patients (Abdallah et al.,
2009). MVD showed that all the compounds can target IFNy-
Ra binding site, while MOE and ADT vina retrieved six and
26 molecules as good inhibitors of IFNY, respectively. The false
positives were removed by consensus results, which showed that
five compounds (17, 20, 22, 39, and 46) are the most prominent
inhibitors of IFNYy.

DISCUSSION

The importance of the immune system in the pathogenesis of
psoriasis is revealed by efficacy of several immunosuppressive
agents, including cyclosporine, denileukin diftitox, and alefacept.
TNF-o is usually elevated in psoriatic lesions; however,
overexpression of several other cytokines, such as IL-13, IL-
17, 1L-22, 1L-36y, and IEN-y, has also been observed in the
skin cells of psoriatic patients. These cytokines mediate the
potentiation of keratinocytes on psoriatic inflammation, and
the use of antibodies against IL-23, TNF-a, and IL-17 in the
treatment of psoriasis has shown a key role of these cytokines
in the pathogenesis of psoriasis (Lowes et al., 2014; Harden
et al., 2015). Moreover, studies have confirmed that the NF-kB
pathway is activated in psoriatic lesions and is downregulated
after successful treatment (Wang et al., 2017). Furthermore,
several other proteins, including IL-10/8, eNOS, iNOS, PPAR-y,
MAPK?2, JAK1/2/3, and STAT3, were identified as possible novel
therapeutic targets, which are overexpressed in psoriasis patients
(Mittal et al., 2009; Racz and Prens, 2009).

It is reported that serratol (1) and incensole acetate (3)
inhibit the expression of TNF-a, NF-kB, and IL-1p (Moussaieff
et al, 2008). Several derivatives of cembrenoid diterpenoids
and boswellic acid are well known for their inhibitory activities
against the production of TNF-a (Al-Harrasi et al., 2018a). Our
docking results are consistent with those experimental findings.
The transcription factor NF-kB orchestrates inflammation and
regulates the activity of several proinflammatory genes. NF-kB
serves as a crucial mediator in the pathogenesis of psoriasis
(Goldminz et al., 2013; Moorchung et al., 2014). Several studies
showed that incensole (2) and incensole acetate (3) suppress the
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activation of NF-kB by inhibiting TAK/TAB-mediated IkB kinase
(IKK) activation loop phosphorylation (Berrrrpohl et al., 2007;
Moussaieft et al., 2007). It is also reported that 3 did not suppress
IkBa phosphorylation in co-stimulated T cells, indicating that the
kinase inhibition is neither direct nor does it affect all NF-xB
activation pathways. Moreover, acetyl-11-keto-f-boswellic acid
(31) and acetyl-a-boswellic acid (33) inhibits NF-kB signaling
by specifically inhibiting IkBa kinase (IKK), which is pivotal
for the degradation of the NF-kB inhibitor IkB, as well as the
phosphorylation of p65, two steps essential for NF-kB activation
and the subsequent cytokine expression. Syrovets et al. (2005)
proved that acetyl-boswellic acids inhibits LPS-mediated TNF-
a induction in monocytes by direct interaction with IkB kinase
(Syrovets et al., 2005). Our docking results also indicate that these
compounds have less of a potential to directly bind with NF-kB.

IL-17 is a pro-inflammatory cytokine produced by Th-17
cell in response to their stimulation by IL-23. IL-17 interacts
with its receptor to mediate proinflammatory and allergic
responses, and, as a result, production of several cytokines (IL-
18, TGF-B, TNF-a, IL-6, GM-CSF, and G-CSF), chemokines
(GRO-q, IL-8, and MCP-1), and prostaglandins (PGE2) occurs
via macrophages, keratinocytes, fibroblasts, epithelial, and
endothelial cells. Activation of IL-17 signaling is observed in
the pathogenesis of various autoimmune disorders, including
rheumatoid arthritis, asthma, lupus, allograft rejection, anti-
tumor immunity, psoriasis, and multiple sclerosis, and IL-17
inhibitors are being investigated as possible treatments for these
disorders. The monoclonal antibodies (mAB) secukinumab and
ixekizumab inhibit IL-17 while brodalumab blocks the IL-17
receptor (IL-17RA). By interfering with IL-17 signaling, these
antibodies interrupt the inflammatory cycle of psoriasis. The
mAB against IL-23 (ustekinumab) is also used to treat psoriasis
by reducing IL-17, and, thus, the IL-23/IL-17 pathway plays a
major role in psoriasis. Recently, Stiirner et al. (2014) revealed
that compound 29 (11-keto-B-Boswellic acid, KBA) reduces the
differentiation of human CD4+ T cells to Th17 cells while slightly
increasing Th2- and Treg-cell differentiation. Furthermore, KBA
reduces the IL-1B-triggered IL-17A release of memory Thl7
cells. KBA may affect IL-1p signaling by preventing IL-1R-
associated kinase 1 phosphorylation and subsequently decreasing
STAT3 phosphorylation at Ser727, which is required for Th17-
cell differentiation. The effects of KBA on Th17 differentiation
and IL-17A release make the compound a good candidate for
potential treatment of Thl7-driven diseases. Boswellic acids
reduce Thl7 differentiation via blockade of IL-1B-mediated
IRAKTI signaling (Stiirner et al., 2014). Our docking results also
confirm that compound 29 (KBA) possesses excellent binding
affinity for IL-17.

The monoclonal antibody (ustekinumab) inhibits IL-12/IL-
23, which are both associated with psoriatic inflammation and
psoriatic arthritis. Moreover, mAB against IL-23 (tildrakizumab,
Risankizumab, and guselkumab) also reduce psoriatic symptoms
and slow disease progression. IL-23 is involved in the
proliferation of CD4+4 Thl7 cells to produce IL-17 and
along with IL-17, associated with several autoimmune and
inflammatory disorders such as psoriasis, psoriatic/rheumatoid
arthritis, multiple sclerosis, Crohn’s disease, uveitis, and

inflammatory bowel disease (Braegelmann et al., 2016; Chan
etal., 2018; Fotiadou et al., 2018). Boscartin F (22), 3-a-acetyl-11-
keto-B-Boswellic acid (AKBA, 31), 3-O-acetyl-9,11-dehydro-f-
boswellic acid (39), 3-epi-p-Boswellic acid (44), and 3-epi-11-
keto-B-Boswellic acid (45) were identified as excellent inhibitors
of IL-23 in this study. Previously, the effect of 31 (3-a-acetyl-11-
keto-p-Boswellic acid) was studied on activated dendritic cells
in psoriasis-like mouse model that revealed that this compound
improved the psoriasis-like skin lesions, reduced the thickness
of epidermis, ameliorated the infiltration of CD3+ and CD11c+
cells in skin lesions, decreased the activation of local dendritic
cells, inhibited the expression and secretion of IL-12 and IL-23,
inhibited the maturation and differentiation of DCs to promote
T-cell differentiation, and inhibited the activation of TLR7/8
and IRF signaling pathways. Thus, AKBA might have an anti-
inflammatory effect on psoriasis by inhibiting the maturation
and activation of DCs via the TLR8 and IRF signaling pathways
(Wang et al., 2018). Our docking results also suggests that AKBA
tends to inhibit IL-23.

The cytokine IL-1a is produced by macrophages, neutrophils,
and epithelial and endothelial cells, while IL-1f is produced by
activated macrophages and mediates inflammatory response after
binding with their receptor. Both the cytokines are excessively
produced in psoriatic lesions (Tsai and Tsai, 2017). Both the
cytokines were depicted as moderate to least binding proteins
for this set of compounds. IL-22 is produced by T cells
and is involved in the modulation of tissue responses during
inflammation and found significantly higher in psoriatic patients
(Fujita, 2013; Hofny et al., 2017; Voglis et al., 2018). IL-22
was also depicted as a least possible target for di- and tri-
terpene derivatives.

PPAR-y regulates lipid and glucose metabolism. Recently,
the pathophysiological role of PPAR-y was reported in the
inflammatory immune response and identified as a major drug
target for the treatment of psoriasis, benign epidermal tumors,
and atopic dermatitis (Sertznig and Reichrath, 2011). Liu et al.
(2013) described that AKBA (31) downregulates the expression
of PPAR-y2 and loss of phenotypic markers of mature human
adipocytes and mobilizes lipolysis (Liu et al., 2013). In the current
study, 31 was recognized as an excellent inhibitor of PPAR-y
by MVD.

In psoriatic patients, STAT3 is activated in lesional
keratinocytes, which can lead to the development of regenerative
epidermal phenotype observed in psoriasis (Sano et al., 2005).
Incensole (2) is a potent inhibitor of STAT3 (Pollastro et al.,
2016). It is reported that 29 (KBA) inhibits the phosphorylation
of STAT3 (Stiirner et al., 2014). In this study, both the compounds
were identified as moderate inhibitors of STAT3 by MVD. Our in-
silico experiment correlates well with the reported experimental
findings. The docking studies are used in the discovery of novel
inhibitors against several therapeutic targets (Halim et al., 2013).
However, docking must be combined with more sophisticated
computational techniques like molecular dynamic simulation
to enhance the efficiency of virtual screening. This work needs
to be further explored by molecular dynamic simulation to
study the dynamic behavior of protein upon protein-ligand
complex formation.
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CONCLUSION

The anti-psoriatic potential of several Boswellia diterpenoids
and triterpenoids was explored by computational analysis.
The compounds have displayed selective docking to human
anti-inflammatory (JAK1/2/3, eNOS, iNOS, and TNF-a) and
anti-psoriatic (IL-17) molecular targets. Moreover, several other
proteins (MAPK2, PPAR-y, IL-13, IL-23, IL-36y, and IFNy)
were retrieved as leading biological targets for these compounds.
Thus, these compounds have reflected excellent anti-psoriatic
and anti-inflammatory potency in silico. The results indicate that
Boswellia di- and tri-terpenoids can serve as promising chemical
scaffolds for the development and improvement of inhibitors to
treat psoriasis.
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